'The tensile strength, ductility or impact value of a wrought nickel-base superalloy Ni-15Cr-6W-3Mo-2Al-2Ti de-:pends markedly upon the silicon content 'of the alloy.
On plotting these mechanical properties vs silicon content which ranges from 0.5 to 0.89, saddled curves shown by the existence of minima at 0.4,0.6$Si occur, which are caused by the variation of mechanical. properties with the type, amount and morphology of carbides as well as with the sequence of carbide precipitation in the alloy as influenced by the silicon content. Present work indicates that silicon plays an important role in the formation of M@.
INTRODUCTION
Due to the purity of raw material and smelting process, it is unavoidable that there is some silicon in superalloys.
It is usually less than 0.2% for high quality superalloys produced by vacuum melting processes (1) . The content of silicon should be restricted, because it has a strong tendency of segregation during solidification, and it is also an element, strongly promoting the formation of TCP phases, such as sigma, Laves and G. Therefore, excess silicon lowers the hot workability, and decreases the room temperature ductility and rupture strength (2,3).
Influence of silicon on grain boundary carbide precipitation, including type, morphology and amount, has been investigated.
The saddle shaped curves of room temperature tensile strength, ductility and impact value with silicon content have been explained by the morphology and the relative amounts of M23C6 and M6C which are controlled by silicon content in the alloys.
MATERIALS AND EXPERIMENTAL RESULTS

Experimentel
alloys were prepared by three melting processes (VIM+ESR, AIM+ESR, EAM+ESR). The chemical compositions of alloys with various silicon contents are listed in Table 1 .
Heat treatment was as follows: 1180°C/2 hours, A.C. + 1050°C/4 hours, A.C. + 800°C/16 hours, A.C.. Samples were prepared from either 22mm diameter rolled bars or stamp formed blades. Standard tensile specimens of gauge diameter 5mm and gauge length 25mm and standard U-notched impact specimens were cut from rolled bars and unnotched impact specimens (5xlOx55mm) w ere longitudinally taken from blades, Besides, unnotched impact specimens (5x5x4Omm) and tensile specimens (gauge diameter 3mm and gauge length 15mm) were machined from blades.
J'nfluence of Silicon on Mechanical Properties
The effect of silicon on room temperature tensile properties and impact values is shown in Fig.1 
Distribution of Allov Elements
By electron microprobe analysis, the distribution of alloy elements in grains and grain boundaries is shown in Table 2 . Obviously, grain boundaries are rich in Cr, MO and W, whereas poor in Ni, Al and Ti. The distribution of silicon, however, varies with the silicon content in the alloys.
As the silicon content is below 0.37%, the amounts in grains and grain boundaries are almost same. At higher silicon contents, the amounts in the grain boundaries are approximately three to four times higher than that in grains. Fig.3 shows the distribution of silicon in grains and grain boundaries vs silicon contents of the alloys.
By examining the silicon content on the fracture surface by Auger electron spectroscopy, the intensity of silicon spectrum lines beeomes stronger and stronger as the silicon content rises, Fig.4 . As the silicon content increases from 0.1 to 0.77$, the grain size changes from ASTM l-4 to 3-6. The type, morphology, composition ad amount of carbides on grain boundarfes vary with the silicon content.
The morphology of carbides on the grain boundaries can be seen in Fig.5 , it is in a discontinuous blocky form at less than 0.4$&i, and as the silicon content increases to 0.4-0.6$, it becomes thicker end continuous, and nearly covers the whole grain boundaries.
As the silicon content exceeds O.6$, a granular carbide form is appeared again on the fracture surface as examined by carbon replica technique, The results were shown in Table 3 and Fig.7 The amount of carbides increases with silicon content.
As the silicon content increases from 0.37 to o.89$, the amount of carbides increases fron 0.44 to 1.43$, and their composition is shown in Table 4 . It should be pointed out that the silicon content in MgC is 4%, and none in M23C6. Melting process influences the carbide precipitation.
The impurities and gas contents in alloys produced by arc furnace duplex with ESR are higher, which favors the condition of uneven nucleation and growth of &C. As a result of that, the ductilebrittle transition curve moves toward low silicon range.
Conclusions
can be made as follows:
(1) Silicon has a great influence on room temperature tensile strength, ductility and impact toughness. A minimum at about 0.4-0.6$X. occurs.
(2) Silicon is evenly distributed in grains and grain boundaries of alloys with less than 0.4%Si, and M23C6 will be the main carbide. is not the formation of QC itself, but is chiefly due to morphology and distribution.
The continuous F C film weakens the grain boundary and lowers he strength and ductility.
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